We investigate the production of fourth family up-type quarks using effective lagrangian approach at future lepton-hadron colliders and study the kinematical characteristics of the signal with an optimal set of cuts. We obtain the upper mass limits 500 GeV at THERA and one TeV at Linac ⊗ LHC.
I. INTRODUCTION
As is well known, the Standard Model (SM) with three families is in excellent agreement with experimental data available today [1] . But it leaves some open questions. At the most fundamental level, the number of fermion generations and the origin of their mass hierarchy are not explained by the SM. For these reasons, and others, several models extending SM have been proposed [2, 3, 4, 5, 6, 7] . Except the minimal SU (5) GUT all these models accommodate extra fermion generations [8, 9] .
In the context of the search programs of future colliders, many analyses have been done for the production of fourth generation quarks at the linear [10, 11, 12] and at hadron colliders [13] . The potentials of the future lepton-hadron colliders in the new physics searches are comparable to those of the linear and hadron colliders [14] . Thus, in this study, we investigate the possibility of a single production of a fourth-family up quark (u 4 ) suggested by the effective lagrangian approach. In this approach the most general effective lagrangian, which describes the Flavour Changing Neutral Current (FCNC) interactions between u 4 and ordinary quarks, involving electroweak boson and gluon is given as follow [15, 16] :
, θ W is the Weinberg angle, q is the four-momentum of the exchanged boson; e, g and g s denote the gauge couplings relative to U(1), SU(2) and SU (3) symmetries, respectively; e U is the electric charge of up-type quarks, A µ , Z µ and G iµ the fields of the photon, Z boson and gluon, respectively; and Λ denotes the scale up to which the effective theory is assumed to hold. By convention, we set Λ=m 4 , mass of the fourth family quark in following.
II. THE ANOMALOUS PRODUCTION OF FOURTH FAMILY UP QUARK
Parton level subprocess responsible for the u 4 production in ep collisions is eq → eu 4 .
The kinematics of this process is same as that of the single top quark production via FCNC interactions, which was presented in one of our earlier works [17] . Here, we present the total production cross sections as functions of u 4 mass in Fig. 1 In obtaining the mentioned behaviour of the cross sections we have taken into account of both up and charm quark distributions [20, 21] .
The charm quark is present inside the proton as part of the quark-antiquark sea and gives considerable contribution to the cross section.
We assume the anomalous decays of u 4 quark to be dominant, which is different from the case of top-quark decays where the SM decay mode is dominant. In Table I , we present the branching ratios and the total decay widths of u 4 quark via anomalous interactions.
SM decay modes are negligible for κ/Λ > 0.01 TeV −1 due to the small magnitude of the extended CKM matrix elements V u 4 b [22, 23] .
In order to enrich the statistics for the experimental observations of the signal we also take into accountū 4 production through the subprocess eq → eū 4 . The contribution of this process is relatively small when compared with the u 4 production due to the sea quark distribution in the proton. Tables II and III When the fourth family u 4 (orū 4 ) quarks are produced, they will decay via FCNC interactions giving rise to the signal e − qV , where q = u, c, t (orū,c,t) and V denotes the neutral gauge bosons γ, Z, g.
We consider the relevant backgrounds from the following subprocesses:
eq → eqγ eq → eqZ eq → eqg where q = u, c (orū,c). The cross sections for these backgrounds are shown in Table II (at THERA) and Table III (at Linac ⊗ LHC) for the minimal cuts p e,γ,j T > 10 GeV and optimal cuts p e,γ,j T II we conclude that the number of signal events for u 4 → gq and u 4 → Zq (q=u,c) channels is promising, which makes it possible to observe a u 4 production signal at the THERA, especially for low lying u 4 -quark mass values (300-500 GeV). As can be seen from Table III, it will be possible to observe the anomalous production of u 4 quark in all decay channels if the corresponding backgrounds is kept at a low level at Linac ⊗ LHC collider. We found that u 4 production signal at this machine is observable down to the anomalous coupling κ V,u 4 = 0.01 at the mass of u 4 -quark about 700 GeV. For the channels including top quark in the final state (e − V t) we obtain very low number of background events, therefore we have not shown them in Tables II and III. Assuming Poisson statistics, we use the significance formula S/ √ B ≥ 3 for signal observation at the 95% C.L., where the number of signal and background events S and B are calculated by multiplying the cross section with corresponding branching ratios depending on the decay channels and the integrated luminosities of the colliders considered.
III. CONCLUSION
In this study, we have considered the anomalous single production of fourth family upquarks via the FCNC couplings at future ep colliders. We have shown that the reaction eq → eu 4 can take place at an observable rate at these colliders. Hence, the fourth family up-quark will manifest itself at THERA and Linac ⊗ LHC with masses below 500 GeV and 1 TeV, respectively. Thus the future lepton-hadron colliders have promising potential in searching for manifestations of non-standard physics. 
